INTRODUCTION
Dermal papilla cells (DPCs) are specialized fibroblasts that form at the base of the hair follicle. DPCs are essential not only in the control of hair growth, formation and cycling but also in the pathogenesis of androgenetic alopecia (1-3). DPCs secrete diverse growth factors and stimulate the proliferation and differentiation of the follicular epithelium (4, 5). The regulation of hair follicle regeneration depends on a complex series of interactions, mediated by DPCs through a paracrine mechanism (6). It is interesting that DPC-derived factors have been shown to influence surrounding cells, which leads, in turn, to hair growth promotion (7). Because of this, proteomic profiling of the secretome of DPCs can provide understanding of hair follicle development and the clinical application of relevant protein biomarkers. In spite of the benefits that could derive from proteomic techniques, little is yet known about the functional proteins involved in hair biology. A previous proteomic study investigating extracellular matrix (ECM) proteins secreted by two types of fibroblasts from the scalp revealed that thrombospondin1 (THBS1) and fibronectin (FN) were over-expressed in DPCs (8). Furthermore, proteins involved in the aggregative property of cultured DPCs in the early-passage stage have been analyzed using comparative proteomic strategies, through which heat shock protein 70 and mitochondrial ribosomal protein S7 were identified (9). The present study aimed to examine a whole range of secretome protein profiling, using samples extracted from cultured human DPCs in the third to fourth-passage, compared with matched dermal fibroblast scalp cells (DFs), using large-scale shotgun proteomics to do this. In addition, we characterized the identified secretomes by using protein interaction network analysis, particularly looking at the growth modulating factors of DPCs
RESULTS

Identification and comparison of the secreted proteins using shotgun proteomics
To identify the major proteins secreted by human DPCs, as compared with those secreted by matched DFs, we employed a shot-http://bmbreports.org IPI00478003  IPI00022434  IPI00021841  IPI00297160  IPI00297646  IPI00304962  IPI00021033  IPI00291136  IPI00304840  IPI00022200  IPI00027547  IPI00026314  IPI00646773  IPI00018305  IPI00217561  IPI00217563  IPI00013976  IPI00296922  IPI00298281  IPI00219219  IPI00465431  IPI00020986  IPI00218398  IPI00027780  IPI00299738  IPI00015614  IPI00006114  IPI00032140  IPI00014572 *To identify the peptides, MASCOT (version 2.2) operated on a local server was used to search the human sequences within the IPI database (version 3.63). MASCOT searching was performed with the monoisotopic masses selected with a precursor mass error of 50 ppm, and a fragment ion mass error of 0.8 Da. Trypsin was selected as the enzyme with one potential missed cleavage. Carbamidomethylated cysteine and oxidized methionine were chosen as variable modification. The qualified scoring peptides were considered as satisfied above the threshold dictated by the MASCOT search (confidence, P ＜ 0.05; MASCOT score ＞ 28). † Protein function was assigned by the annotated information from IPA (version 7.1, http://www.ingenuity.com). ‡ Signal sequences of ECM proteins were predicted by the Signal P (version 3.0, http://www.cbs.dtu.dk/SignalP/). Table 1 . List of directly linked extracellular matrix and core plasma membrane proteins identified from the secretomes of cultured DPCs and DFs, quantified by Mol% and peptide hit score (PHS) gun proteomic method, using a SDS-PAGE/LTQ FT-MS/MS analysis of secreted proteins, as has been performed previously (10). After SDS-PAGE analysis, the secreted proteins were fractionated into 20 bands according to their molecular weight and band intensity, using 1-DE. Next, the separated proteins were subjected to in-gel digestion with trypsin and the resultant tryptic digests were further separated by reverse phase-liquid chromatography prior to FT-MS/MS analysis. We obtained similar numbers of MS/MS spectra (91,679 spectra for CM-DFs; 91,593 for CM-DPCs) from tryptic digests, resulting in 11,124 and 9,871 peptides from CM-DFs and CM-DPCs, respectively. Next, MASCOT search from these peptide sequences revealed 1,271 (83%) and 1,188 (77%) proteins from CM-DFs and CM-DPCs, respectively. Some proteins (930, 61%) were identified in both culture media. A semi-quantitative analysis of the secreted proteins from both cell types was performed using the exponentially modified protein abundance index (emPAI)-based mole percentage (mol%) of each identified protein (11). Vimentin (54 kDa) was the most dominantly expressed protein in CM-DFs, with a 3.5 mol%, and a peptide hit score (PHS) of 590. The principal protein in CM-DPCs was also vimentin, at 3.2 mol% and with a PHS of 627 (Table S1) . Table 1 shows a complete list of identified ECM proteins with PHS≥2, based on gene ontology and emPAI-mol%. Most of the ECM proteins identified were skeletal proteins, such as serpin, galectin, collagen, and secreted protein acidic and rich in cysteine (SPARC), which were previously found to be the ECM components of hair follicular fibroblasts (12). There were 28 DPC-specific ECM proteins including transporters (ECM1, A2M, APOA1), enzymes (LOX, PON2, DNASE1L1), and peptidases (C3, C1R, C1S, LTF, HTRA1, MMP2). A total of 47 ECM proteins were common to both groups, including cytokines (C19ORF10,
